Introduction

29
Glycerol is a chemical compound, which is produced during the transesterification of oils and 30 fats [1, 2] . The increase of biodiesel production has led to the surplus of crude glycerol which cannot 31 be assimilated into traditional glycerol outlets. Glycerol is a highly functionalized reagent which can 32 be applied for the production of valuable oxygenated fine chemicals, e.g. fuel sources, catalysts for glycerol oxidation reaction is obtained the catalysts which will be characterised by high 38 activity, selectivity to selected products and catalytic stability.
3 of 23 XRD patterns showed that the deposition of copper species on the surface of catalysts led to the 82 appearance of the reflections which could be assigned to the crystal phase of metallic gold particles
83
(the reflection at 2θ = ~38.2°).
84
The texture parameters were estimated using nitrogen adsorption and desorption isotherms 85 (Fig. S2) . The surface area of the catalysts depended on the nature of the supports and increased in 86 the following order: CeO2 (24 m 2 g -1 ) < CeZrOx (103 m 2 g -1 ) < ZrO2 (121 m 2 g -1 ). The modification of 87 catalysts with gold and copper species only slightly decreased the surface area of monometallic 88 oxide supports, whereas the catalysts based on CeZrOx revealed much lower surface area (about 65 89 m 2 g -1 ) after their modification with copper and gold species. More details about the results of the 90 texture parameters of catalysts before their using in glycerol oxidation were reported in earlier paper
91
[30] and they were shown in this work to outline the general information about the morphology of 92 materials.
93
SEM and TEM images ( 
The influence of selected conditions on the catalytic activity and selectivity
101
It has been reported in previous study [30] [31] [32] 
107
It was reported in the earlier work [30] that the bimetallic Cu-Au catalysts can achieve a high 108 glycerol conversion (>70 %) in its oxidation at 333 K for 5 h and selectivity to glyceric acid (65-79 %),
109
if the source of oxygen was pure oxygen. In this reaction other products were created in the liquid 110 phase, e.g. glycolic acid and/or formic acid, but the selectivities to these reagents were much lower 111 than the selectivity to glyceric acid. These products were obtained in the earlier studies [33] [34] [35] [36] [37] .
112
The comparison of the results of glycerol oxidation over Cu-Au catalysts at basic conditions 113 using gas oxygen or H2O2 (Fig. 1) as oxygen source shows that this parameter strongly influences on 114 the catalytic activity of catalysts. It can be explained by the differences in the mechanism of 115 hydrogen peroxide decomposition. It has been reported [38] that hydrogen peroxide can be used in 116 the selected conditions as friendly oxidant for environmental, because it can decompose to water 117 and molecular oxygen [2 H2O2 → 2 H2O + O2].
118
In the case of Cu-Au catalysts, the conversion of glycerol in its oxidation over these catalysts 119 using the source of oxygen as hydrogen peroxide (glycerol conversion in the range of 31-47 %) was 120 lower than when the source of oxygen was gas oxygen. Additionally, the reaction run to gases 
201
The influence of different oxygen pressure on the catalytic activity over Cu-Au catalysts was 202 also investigated in the reaction of glycerol oxidation at 333 K for 5 h at 1000 rpm at basic conditions.
203
The results, which were collected in Figure 2 , show that the decrease of oxygen concentration used process, but lower oxygen content leads to the total oxidation of glycerol. 
246
The influence of base content in the reaction solution was studied for the Cu-Au catalysts in the 247 oxidation of glycerol at 333 K for 5 h at 1000 rpm in the presence of pure oxygen (6 bars). The results
248
in Figure 3 show that a base in aqua solution appears on glycerol conversion and selectivity to 249 glyceric acid. It is worth to note, that in the case of CuAu/ZrO2, the conversion of glycerol in its 250 oxidation and the selectivity to glyceric acid did not change in the presence of lower NaOH content.
251
It can suggest that the first step of this reaction -the dehydrogenation via H-abstraction of one of the 
Tartronic acid
of CuAu/CeO2, the increase of conversion and the decrease of selectivity are observed when molar 254 ratio between NaOH and glycerol is 1:1. It is observed also the growth of selectivity to formic acid 255 and/or glycolic acid and the decrease of selectivity to glyceric acid at NaOH:glycerol = 1:1 (excluding 
294
The influence of stirring speed was studied for bimetallic copper-gold catalysts in basic
295
conditions at selected speeds in the range of 400-1200 rpm (Table 1 ). The increase of speed from 400 
303
because in the case of catalysts which were characterised by small specific surface area -
304
CuAu/CeO2 (24 m 2 g -1 ), this growth was bigger (55 %), than in the case of bimetallic catalysts which 305 surface area was above 60 m 2 g -1 (28-39 %).
306 307 
The changes in materials after glycerol oxidation 327
The catalysts were studied before and after their application in glycerol oxidation using 
337
It is worth to note that the position of a band coming from ligand to metal charge transfer 338 depends on the ligand field symmetry surrounding cerium centre [41, 42] . In the case of samples with 339 cerium species, the intense bands present in the range between 200 and 400 nm can be due to the 
346
The shape of the spectra recorded for CuAu/CeO2 is similar to the shape of spectra performed 
351
The range characteristic of the charge transfer between oxygen ions and cerium cations is also typical 352 of the charge transfer transitions of Au 3+ and Au + ions with ligands [43] [44] [45] [46] [47] [48] [49] 
370
These bands became well visible also in the spectra of monometallic (Au) samples after the first 
395
ATR-FTIR measurements
396
The ATR-FTIR spectra were carried out for the samples based on the cerium-zirconium oxides 397 and pure glycerol (Fig. 6 ). The comparison of bands in the FTIR spectra of pure glycerol and the 398 catalysts after their using in glycerol oxidation showed that the stretching vibration of C-H bonds in The XRD patterns of monometallic gold and bimetallic copper-gold catalysts were performed 412 not only for samples before, but also after their using in glycerol oxidation at 333 K for 5 h at basic 413 conditions (Fig. S1) 
444
were formed on mixed cerium-zirconium oxide and pure zirconia in monometallic gold samples and 445 the part of cationic species were reduced to metallic form (Au 0 ) after the reaction of oxidation (Table bimetallic 
462
The modification with copper species had influence on the distribution of the reduced form of 463 cerium species (Ce 3+ ) in bimetallic copper-gold catalysts, because it was lower than in the analogues 464 monometallic gold catalysts before the application of materials in the oxidation of glycerol.
465
Generally, the presence of cerium and copper species led to the easier reduction of cationic gold 
472
copper species in copper-gold catalysts can be responsible for enhanced core-hole shielding [61] . 
474
478
gold content on the external surface was noted in the catalysts based on pure ceria and mixed cerium-zirconium oxide (Table S1 ).
Gold loaded on ceria, zirconia and cerium-zirconium mixed oxide was characterised in the XP two doublets attributed to different gold species (Figures S5 and S6 ), corresponding to (Au 0 ) gold particles loading on the surface of catalysts [33, 66] . The smaller size of metallic gold particles in 518 the bimetallic catalysts was confirmed by the STEM-EDXS results (Fig. S3) . As concerns the 519 appearance of XP bands in the range of ~82.1-82.9 eV, they should be attributed to the changes in 520 electronic structure of the system and core-hole shielding.
521
An according to the literature data [72, 73] , the BE of Cu 2p species could be assigned to Cu 0 , Cu + 
Catalysts characterisation
541
The part of details of catalysts characterisation was described in [30, 32] . In this part will be 542 presented only the procedure of XRD, N2 adsorption and desorption isotherms, ATR-FTIR, UV-vis,
543
XPS, TEM, SEM, STEM-EDXS study samples before and after reaction of glycerol oxidation. 
555
The ATR-FTIR measurements were recorded using a Bruker 70 Spectrometer equipped with
Powder calcined samples before and after glycerol oxidation and drying at RT for 24 h in air
561
atmosphere were placed in a cell equipped with a quartz window. The spectra were recorded in the 562 range from 800 to 190 nm. Spectralon® was used as the reference material. 
564
Photoelectron spectra were recorded using an Ultra High Vacuum (UHV) System (Specs,
565
Germany). The study was conducted using X-ray Al Kα = 1486.6 eV with the parameters of the lamp: 
570
number of scans of the range measured was chosen to correspond to a given signal to noise ratio.
571
The powder sample was put on the conductive tape, which was adhered to the carrier surface and 
589
Metal particles of gold were characterised using scanning transmission electron microscopy 590 
617
has a larger electron-donating ability and it can modify the electronic properties of metallic gold.
618
The achieved results of glycerol oxidation show that many parameters determine the effectiveness 
630
CuAu/ZrO2 before its using in glycerol oxidation, Figure S4 : STEM images and EDX spectra recorded for
631
CuAu/CeZrOx before and after its using as catalyst in glycerol oxidation at 333 K for 5 h at 1000 rpm at basic 632 conditions, Figure S5 : XPS spectra of 4f Au species region recorded for the catalysts: A) Au/CeO2; B) Au/CeZrOx 633 and C) Au/ZrO2 before and after their performance as catalysts in the reaction of glycerol oxidation, Figure S6 : 
